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i. SUMMARY

This program covers the test and evaluation of then available selected
commercial fiber optic (F/a) transmission systems used as interconnect links
in a typified Defcnse Communications Systems (DCS) transmission node between DCS
digital multir!exers and radios. The intent being to evaluate fiber optics utility
as interconnect links ii-. z typical DCS Intrastation environment (less than 300
feet) and to evaluitu their performance against equivalent conventional metallic
interconnects. R sults indicate that F/O systems are as equally suitable for
intrastation applications as the equivalent metallic wire/cable systems and do
have some advantages as high data rate interconnects.
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ZERO LENGTH FIBRFP CPTICS I.IHKS TEST AND EVA.UATIOM PROGfPA!J

1. PROGRAI OBJECTIVE

The objective of this prograri is to evaluate currently available c(.UrC'al

fiber optic systems to determine their potential for zero-length intra-sttinn

(less than 300 feet) applications in the Defense Conrmiunications Systems (PCS*.

and where appropriate, to make recommendations for general design criteria that

rmay be utilized in OCS performance specifications and standlards

2. SCOPE

a. The test and evaluat1ion of the three coi.imercial fiber optics systems

, d their metallic cable counterparts ?as conducted by US Army Electronics

Proving Creunj ',i'-PG.) pnrsonnel froi.i 1 Ico!er 1579 to ? Frch 1920 under

the technical dircction of the US Army Comunication Electronics Engi'-Vring

In*'allation h\keN)J (USACJEIA). Supplei.,ental testing '.ws coIducted from- 23.

Vey to 20 June 1930 by the .ane personnel. w.'ith the exception of TF'THF'T

testing, all toss; '.:e ,e conc:ted et the USAEPG Corni;.nications Test Facility

(CTF) at Fort luachuca, Ari-.ona by .ilitary technicians of military

occupatio:.-il sp ,cialty (HOS) 32D and 26V. US Army Coimunications Ssters

Agency w;as overdiI p'ojecG raniarer for this test and evaluation project.

b. Testing at th- CTF included an evaluotion of thie crosstal1W, i-.le

channel noise, distortion, frequency response, data error rate, installation

and recovery time, a ,J the durability characteristics of the three fiber optic

syste.1s. Twenty-six )air and coaxial ietallic cable systcis were also tested

in order to provide a direct cor.iparison with equivalent fiber optic syrtens.



c. TI'PEST testing was conducted bcten 15 February and 15 !.,rch 1980 at

the USAFPG EMI test facility at Fort Huachica. Classified results are not

discussed in this report, but are available on a need to know' basis fro.

Coi.,;;lander, US ..,ry Cor.miu i cati ons-Electronics Cor-1and, DfRSEL-CO0-F!'-I, Fort

IALnmouth, U 07703

3. SU!-iIARY OF TES-I RESULTS
The follrnqinq is a suru.1ry of the test results. Co.plete test procedure.

test setups, and results can be found in app':ndix A, initial Tcsting and Test

Resul ts. Supplieiental Testing and Test P>--ults can tz ftreid in appendix D.

4. DESCRIPTION, OF flvJT[,,IEL

a. The perfrmance of -three fiber optic s ystc rs w.as evaluated. Thle

syste~s included thl ouing todems and fiber optic cable:

(I) " c c(.)..k'. 'Y . Lif

(a) i'lnu',factt.arer A (FCO. .rrL;c'nt ru-nished Eei"-nt'i (GE)

Fiber Optic &.dem (full d-oIIx, voice, 13 cFa.els). :our (4), four (4) and

five (5) 4 kllz vnicro channels multiplexed ,d coririh1 ., for one-i:ay

transission on each tf th.'ee (3) fibers, 'espectively; using an optical

modulator.

(b) Ihanufacturer A (CECC(," GFM) Fiber Optic Cable (100 ueter

l engths)

2
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(2) 1.544 iNbs Data Link (Figure 1)

(a) Manufacturer B TTL Fiber Optic Data Link, Model TTK-Di

(b) Manufacturer B Heavy Duty Fiber Optic Cable, Model

HT-PCIO-02 (10 and 100 meter lengths)

(3) 12.6 I4,s Data Link

(e) Manufectrse- C Fiber Optic Modem (20 I'Hz analog) fNbdpi T-603

(Figure 2)

(b) tanufacturer C Fiber Optic Kidem (20 NHz analog) 1Aodel T-603

.0 c) inufactrurer C Fiber Optic Cable, '.'<del T-432 (10 and 100

me-ter Icngths)

b. The pc formance of two met:l I Ic cable links was evaluated In order to

basis of comparison with the fiber optic links. The metallic cables

tested were:

(1) 4 kHz voice link - 26 pair cable (250 feet long)

(2) 1.544 and 12.6 Mbs data links - RG-59B/U coaxial cable

(M I L-C-17D) 4
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5. TEST DATA

a. 4-kHz Voice Link

(1) Idle Channel Noise (ICN)

(a) Manufacturer A fiber optic system. Results are shown ir.

table I for a 100 meter length of fiber optic cable and the two modems.. Note

that only channels 9 - 12 were operational In the system.

TABLE I. IDLE CHANNEL NOISE OF 4-kHz FIBER OPTIC SYSTEM

Chanvei No. Idle Channel Noise (dBrnc)

9 24

10 28

11 25

12 24

(b' 26 pair metallic cable (250 feet). The ICN for each pair

of the cable was less than or equal to -5 dBrnc.

NOTE: 0 dPrnc = -90d0n C message weighing at 1000 Hz

(2) Crosstalk

(a) 43nufacturer A fiber optic system. Results are shown In

table II for the 100 meter length of fiber optic cable and the two modems.

Fiber cptic cables Lre multi-mode graced Index fibers, full duplex plus

timing. Cross talk .esults from the modems not the fiber linkages.

6
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TABLE I. CROSSTALK OF 4-kHz FIBER OPTIC SYSTEM

Crosstalk Measurement (dBrnc)
Idle Channel 1000 Hz 1000 Hz 1000 Hz 1000 Rz

Channel Noise Uf -10 dBm -10 dBm -10 dBm -10 dBm

Tested Channel Tested Tone on Tone on Tone on Tone on

(No.) (dBrnc) Channel 9 Channel 10 Channel 11 Channel 12

9 24 - 29 27 26

10 28 29 - 29 29

11 25 26 27 - - 30

12 24 27 25 26

(b) 26 pair cable. Pair No. 15 was found to be defective. The
crosstalk level :.as less than or equal to -5dBrnc for the remaining 25 pairs.

(3) Distortion. Percent distortion at input frequencies of 1, 2,
and 3 kHz is shown in table III for both the fiber optic system and the 26
pair cable.

TABLE III. 4-kHz VOICE DISTORTION

Dist'rtion Levels (%)
Frequency Fiber Optic S'ftem I Metallic Cable System
of -10 dBm B-rellne I
Test Tone measure- Chan Chan Chau Chan Pair Pair Pair Pair

(Hz) ment j 9 10 11 12 1 13 14 26

1000 0.072 1.2 0.7 1.25 1.95 0 ,.072 C.072 0.072 0.072

2000 0.046 1.0 0.7 1 1.i5 ±.?s 0.048 0.048 0.048 0.048

3000 0.038 0.95 0.8 1 1.2 1.75 0.040 0.040 0.040 0.0401

(4) Frequency Response

(a) Measurements were made for the Manufacturer A fiber optic
system with 100 meters of fiber optic cable ap a supplemental test.

(b) The frequency response of ckLannel 9 of the system, with
XMIT modem SN 001 and RCVR modem SN 002, is shown in table IV and figure 1.
The absolute output level at I kHz was -11.7 13m.

(c) The frequency response of thannel 9 of the system, with
XMIT modem SN 002 and RCVR modem SN 001, is shown in table V and figure 1.
The absolute output levej. at 1 kHz was -10.5 d'm.

.7



(d) The frequency response of channel 9 of the system, with
XMIT modem SN 001 and RCVR modem SN 002, is shown in table VI and figure 2.
The absolute output level at I kHz was -13.5 dBm.

(e) The frcquency response of channel 11 of the system, with
XMIT modem SN 002 and RCVR modem SN 001, is shown in table VII and figure 2.
The absolute output ievel at 1 kHz was -10.7 dBm.

(f) During testing, it was noted that the cable for the optical
connection between the modems did not seat well. Movement was capable of
changing output by up to 6 dB.

TABLE IV. FREQUENCY RESPONSE OF CHANNEL 9 OF 4-kHz FIBER OPTIC SYSTEM
WITH X-IT MODEM SN 001 AND RCVR MODEM SN 002

i FREQ LOSS FREQ LOSS

(kHz) (dB) (kHz) (dB)

0.2 0.2 2.1 3.3
0.3 0.4 2.2 3.5
0,4 1.0 2.3 3.6
0. 5 1.5 2.4 3.8
0.6 1.5 2.5 3.9
0.7 2.0 2.6 4.0
0.8 2.0 2.7 4.2
0.9 2.3 2.8 4.4
1.0 1.7 2.9 4.5
1.1 1.8 3.0 4,5
1.2 1.9 . 4.7
1.3 2.0 3.2 5.0
1.4 2.3 3-3 5.1
1.5 2.5 3.4 5.3
1.6 3.2 3.5 5.5
i.7 2.4 3.6 5.6
1.8 2.7 3.7 6.0
1.9 3.0 3.8' 6.0
2.0 3.0 3.9 6.1

4.0 6.2

8



TABLE V. FREQUENCY RESPONSE OF CHANNEL 9 OF 4-kHz FIBER OPTIC SYSTEM
WITH "MIT MODEM SN 002 AND RCVR MODE1 SN 001

FREQ LOSS FREQ LOSS
(kHz) (d) (kHz) (dB)

0.2. -2%0 2.1 2.2
0.3 -1.0 2.2 2.2
0.4 -0.5 2.3 2.4
0.5 0.0 2.4 2.5
0.6 0.0 2.5 2.7
0.7 0.2 2.6 3.0
0.8 0.3 2.7 3.1
0.9 0.3 2.8 3.3
1.0 0.5 2.9 3.5
1.i 0.8 3.0 3.6
1. 1.0 3.1 3.8
1.3 1.0 3.2 4.0
1.4 1.2 3.3 4.1
1.5 1.3 3.4 4.3
1.6 1.5 3.5 4.4
1.7 1.5 S,6 4.6
1.8 1.7 -47 4.7
1.9 1.%0 .c, 4.9

2.0 2.0 3.9 5.0
4.0 5.2

I

9
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TABLE VI. FREQUENCY RESPONSE OF CHANNEL 11 OF 4-kHz FIBER OPTIC SYSTEM
USING XMIT MODEM SN 001 AND RCVR MODEM SN 002

FREQ LOSS FREQ LOSS
(kHz) (dB) (kHz) (dB)

0.2 4.0 2.1 3.8
0.3 4.7 2.2 4.0
0.4 4.9 2.3 4.1
0.5 4.8 2.4 4.4
0.6 4.5 2.5 4.4
0.7 4.0 2.6 4.5
0.8 3.7 2.7 4.6

3.5 2.8 4.7
1.0 3.5 2.9 5.0
I. 3.5 3.0 5.0
1.2 3.4 3.1 3.2
1.3 3.4 3.2 5.4
1.4 3.4 3.3 5.5
1.5 3.4 3.4 5.6
1.6 3.5 3.5 5.8
i.7 3.5 3.6 6.0

3.5 3.7 6.1
1.9 3.6 3.8 6.3
i.0 3.7 3.9 6.5,_. . , 4.0 6.5

TABLE VII. F:.EQUENCY RESPONSE OF CHArnEL ii or 4-kHz FIBER OPTIC SYSTEM
USTNG Yj1lT MODEM SN 002 AND RCVI MODEM SN 001

FREQ LOSS JEQ LOSS
(kHz) (dB) (kHz) (dB)

0.2 -0.1 2.1 1.7
0.3 1.0 2.1 1.8

-. 0.4 0.9 2.3. 2.C

0.5 0.8 2.4 2.1
0.6 0.8 2.5 2.4
0.7 0.7 2.r. 2.5
0.8 0.7 2.7 2.5
0.9 0.7 2.8 2.6
1.0 0.7 2.9 2.8
1.1 0.7 3.C. 3.0
1.2 0.8 3.1 3.1
1.3 0.9 3.2 3.3
1.4 0.9 3.3 3.5
1.5 1.0 3.4 3.5
1.6 1.1 3. 3.6
1.7 1.2 3.6 3.8
1.8 2.4 3.7 3.8
1.9 1.5 3.8 3.0
2.0 1.6 3.9 3.2

4.0 3.4

11



-g

944

.. I

0

"4

4.4
0

s-4

to

121

' ' -

1 - .. . " " -- , ,"..4 m.,.L



b. 1.544 Mbs Data Link

(1) Idle Channel Noise

(a) Manufacturer B Fiber Optic System. Results are sho i in
table VIII for the ICN level of the modems and 10 or 100 meters of fiber oDpic
cable.

TABLE VIII. IDLE CHANNEL NOISE OF 1.544 Mbs FIBER OPTIC SYSTEM

Idle Channel Noise (dBrnc)
Channel 10-meter 100-meter
Tested TSEC/CY-104 Fiber TSEC/CY-104 Fiber
(No.) Looped Back Optic Cable Looped Back Optic Cable

3 22 22 22 2:

7 18 20 18 20

10 24 24 24 24

15 23 24 23 24

19 24 24 24 24

22 18 18 18 18

(b) Coaxial cable RG-59B/U. Results are shown in table IX for
the ICN leve'. of 10 nr 100 meters of coaxial cable.

TA,3LE IX. TDLE CHANNEL NOISE OF 1.544 Mbs METALLIC CABLE SYSTEM

Channel ... Idle Channel Noise (dBrnc)Tested TSEC/CY-0 10-meter TSEC/CY-104 100-meter

(No.)_LooPed Back Coax Cable Looped Eack Coax Cable

3 22 24 22 22

7 18 22 18 20

10 23 23 24 24

15 22 24 22 24

19 24 24 24 24

22 18 20 18 18

13



(2) Crosstalk

(a) Manufacturer B Fiber Optic System. Results are shown in
tables X and XI.

TABLE X. CROSSTALK MEASUREMENT. 1.544 Mbs DATA LINK

(-16 dBm TONE INSERTED ON (AiPANEL 2)

Fiber Optic System Metallic Cable System
Channel 10-meter 100-meter 10-meter 100-meter
Measured ICN rosstalk ICN Crosstalk ICN rosstalk ICN Crosstalk
(No.) (dBrnc (dBrnc) (dBrnc) (dBrnc) (dBrnc) (dBrnc) (dBrnc, (dBrnc)

1 24 24 24 24 24 23 24 24

3 23 24 23 23 224 23

14 23 24 23 23 23 24 23 24

18 25 25 24 24 25 25 24 24

(b) Coaxial Cable. Results are shown in Lables X and XI.

TABLE XI. CROSSTALK MEASUREMENT, 1.56/. '!bs DATA LINK
(-16 dBm TONE INSERTFD ON C!! ,LMNEL 23)

Fiber Optic System Metallic Cable Syste%
Channel 10-meter 100-meter - !0--metr 100-meer
Measured ICN [Crosstalk ICN Crosstal" I ICN rosstalk !CN Crosstalk
(No.) (dBrncj (dBrnc) (dBrnc) (dBrnc) (dBrnc) (dBrnc) (dBrnc) (dbr.c)

--7 22 22 22 22 2' 21 21 2i

11 18 18 18 19 20 20 21 22

22 19 19 20 20 19 1 91 21 21

24 17 17 17 17 17 I 17 20 20

(3) Distortion

(a) Baseline readings of the input signal distortion in percre lt

were made at frequencies of 1, 2, and 3 kHz. Results are shown in table XII.
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TABLE XII. DISTORTION MEASUREMENT BASELINE READINGS

Test Tone
Frequency Distort on (Z)

(Hz) 1 meter 10 meters 100 meters

1000 0.072 0,072 0.072
2000 0.044 0.050 0.052

3000 0.038 0.045 0.046

(b) Percent distortion for the Manufacturer B fiber optic sys-

tem and coaxial cable system are shown in table XIII.

TABLE XIII. DISTORTION MEASUREMENT (1.544 Nbs DATA LINK)

DistorLion j%)

Channel Frequency Fiber Optic System Metallic Gable System

(No.) (Hz) IIY-12A 10 meters 1 I00 meters 10 meters 100 meters

2 1000 1.95 1.95 1.95 1.95 1.95
2000 1.90 1.90 1.90 1.90 2.00

3000 2.70 2.70 2.70 2.70 2.70

23 Ir00 2.00 2.00 2.00 2.00 2.00

200u 2.00 2.00 2.i) 2.00 2.n
3000 2.90 3.00 ?.C; 2.90 *.90

* (4) Bit Error Rate (BER)

(a) Manufacturer B Fiber OpLic System. No bit errors were ,e-
corded for any run with either 10- or 100-meter lengths of fiber optic cal..
Since no errors were observed in 463.2 megabit' of data, it can be sta;ed t lat
the Foinc estimate system BER for a T-1 input is b'acketed by the interval:

0 < point estimate BER < 2.2 x 10-9 errors/bit

(b) Coaxial cable

1 when 10-tmeter lengths of coaxial cable were used, no bic
errors were recorded on any test run. Since no errors were observed ia 463.2
megabits of data, it can be stated that the point estimate system BER for a
T-1 input is bracketed by the interval:

0 < point estimate BER < 2.2 x 10-9 errors/bit

2 When 10C-meter lengths of coaxial cable were used, bit

errors were recorded during eac" of the three runs as follows: run No. 1,
2815 errors; run No. 2, 2729 errors; and run No. 3, 2771 errors. The re-

spective point estimit= BRs u.re 6.08 x I0 - 6, 5.89 x 10 - 6, and 5.98 x
10-6 errors/bit.
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(5). Connect/Disconnect

(a) Manufacturer B Fiber Optic System. The fiber optic cable
between the two modems to carry data was disconnected and reconnected 100
times. ICN was measured every 10 times. Results are shown in table X2.V.

(b) Coaxial Cable. The cable between the TSEC/CY-104 and the
AN/FCC-97 was disconnected and reconnected 100 times. ICN readings are ehown
in table XIV.

TABLE XIV. COn5TECT/DISCONNECT TEST (ICN IN dBrnc OF CHANNEL 2)

Number of Idle Chanel Noise (dBrnc)
Connects/Disconnects Fiber Optic Metallic

0 23 23
10 23 23

2U 23 23
30 23 23
40 23 23
50 23 23
60 23 23
70 23 23
80 23 23
90 2 23
100 23 23

(6) Cycle Flexing

(a) A oue volt peak-to-peak square wave at 1 MHz was irserted
into a Manufacturer B modem. Optical power output at the end of 10 metets of
fiber optic cible was medsured following every 100 flexes (cycles) of th"
cable over a mandrel 2.5 times the diameter of the cable. Results are shown
in table XV.

TABLE XV. CYCLIC FLEX TEST

Optical Optical Optical Optical
Number of Power Number of Power Number of Power Number of Power
Cycles (uW) Cycles (uW) Cycles (uW) Cycles (uW)

0 12 , 600 11 1100 11 1600 10
100 12 700 11 1200 11 1700 10
200 12 800 11 1300 11 1800 10
300 12 900 11 1400 11 1900 10
400 11 1000 11 1500 Ii 2000 10
500 11

16
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(b) The optical power meter used in this test had not been
calibrated. It was compared to a calibrated AG&G, Electro-Optic Division

aRadiometer/Photometer, Model 550-1, SN 3274. When the optical power meter

read 17 microwatts, the calibrated radiometer/photometer read 14 microatts.

(7) Installation/Recovery Time. Results for the Manufacttvrer P
fiber optic system and coaxial (metallic) cable system are shown in table XVI
for installation and table XVII for recovery.

TABLE XVI. INSTALLATION TIME

Installation Time (Minutes)
10 meters 100 meters

Trial 1 2 3 1 2 3
Number Person Persons Persons Person Persons Persons

Fiber Optic System

1 5 3 .3 18 6 5
2 4 3 5 17 11 5
3 4 4 3 17 11 6
4 4 3 -- 12 11 --

5 & 3 -- 8 10
6 4 3 I 10 12IiI

Metallic Cable System

1 4 I . 2 7 5 5
2 ----5 3 3 3 4 5

3 5 2 4 10 4

43 3 4 -

5 4 5
4 2 .5 5
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TABLE XVII. RECOVERY TIME

Recovery Time (Minutes)
0IC meters 100 meters

Trial 1 J 2 3 1 2 3
Number eror, Persons Persons Person Persons Persons

Fiber Optic System

1 3 3 2 16 7 6

2 3 2 2 j 12 10 5

3 3 2 3 10 10 5
4 3 2 -- 10 9 --

5 2 2 -- 1I 10
6 2 2 -- 10 10

Metallic Cable System

1 2 1-5 2 3 5 4
2 3 2 2 11 5 3
3 3 2 1.5 11 4 4
4 5 1.5 -- 6 3

5 2 2 - 5 5 4 --
S6 2_A 1. 5 j_= 3 -

c. 12.6 016s li,:ta Link (Fiure 5)

(1) Idi, Channel Noise

(a) Manufacturcr C Fiber Optic System. Results are shown in

table XVIII for -he ICN level of the modems :zd 10 or i00 meters of fiber

optic cable.

TABLE XVIII. IULE CALYNEL NOISE ,IF 12.6 Mbs FIBER OPTIC SYSTLM

Idle Channel Noise (dri3_
Channel 10-meter 100-meter

Tested TSEC/CY-.104 Fiber TSEC/CY-104 Fiber

(No.) Looped Back Optic CAble Lo,.ped Back Optic Cable

3 22 23 23 24

7 .18 20 18 20

10 23 23 22 23

15 23 23 23 24

19 23 24 23 24

22 18 19 18 20

.18
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(b) Coaxial Cable System. ICN levels are shown in table XIX
for 10 and 100 meters of coaxial (metallic) cable linking the system com-
ponents.

TABLE XIX. IDL. CHANNEL NOISE OF 12.6 Mbs METALLIC CABLE SYSTEM

Channel | Idle Channel Noise (dBrnc)
Tested TsEc/cy-104 10-meter TSEC/CY-104 100-meter
(No.) Looped Back Coax Cable _Looped Back Coax Cable

3 22 22 22 22

7 17 19 17 19

10 23 23 24 24

15 24 24 24 24

19 j 74 24 24 24

22 .8 18 18 18

* (2) Cross'alk. Baseline ICN and crosstalk levels ar- c:.3wn
tables XX and XI ror 10 and 100 merer l0-.ngths of Manufacturer i.. iiber ,pLiC
cable and coaxial zqbie.

TArIE XX. CROSSTALK MEASUR/'ENT, 12.6-!bs DATA LINK
(-16 dBm TONE I',SERTED ON CRANNEL 2)

Fiber Op ic System Metallic Cable System
Channel I)-neter 100-mete: IQ-meter 100-meter
Measured ICN :ssstalk ICN Crosswalk ICN Crossta1I ICN CrosstaTk
(No.) (dBrnc) (6Brnc) (dBrnc) (d. ic) (dBrnc (dBrnc) (dBrnc) (dBrnc)

1 22 23 22 22 22 I !1 22 22

3 22 22 22 22 22 23 21 22

14 23 23 23 23 23 23 23 24

18 24 24 24 24 24 24 24 24
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TABLE XXI. CROSSTALK MEASUREMENT, 12.6 Mbs DATA LINK
(-16 dBm TONE INSERTED ON CHANNEL 23)

Fiber Optic System - etallic Cable System
Channel 10-meter 100-meter 10-meter 100-meter
asured ICN rosstalk ICN 'rosatalk lCN Cros-.talk ICN Crosstalk

(No.) (dBrnc) (dBrnc) (dBrnc (dBrne) (dBrnc (dBrnc) (dBrnc) (dBrnc)

7 21 21 21 F21 21 21 20 20

11 21 21 21 21 21 21 21 21

22 20 20 20 20 20 21 20 20

24 17 17 17 17 17 17 18 418

(3) Distortion. Baseline digtortien tLoiih the HY-12A and total
distortion with 10 and 100 meters of fibc-r optic or coaxial cable in the
system are shown in table XXII.

TABLE XXII. DISTORTION MEASUREMENT .12.6 Mhs ANALOG LINK)

________Distor ti'- (l)
Chan?,,-! req...r cy Fiber Optic SM Metallic Cable Systc
(No.) (Hz) HY-12A -0 meJrs 1()'; meters 10 meters -etcr.

2 1000 1.95 1.95 95 1.95 1.95
2000 1.90 1.90 1.90 1.90 1.90
3000 2.70 2.70 I 2. iC 2.70 2.70

23 1000 2.00 2.00 j 2.00 2.00 2.00
2000 2.00 2.00 I 1 0 2.00 2.O0
3000 2.90 2.90 2.0 2.90 2.0

(4) Bit Error Rate. Results for the Manufacturer C fiber optic
system and the coaxial cable system were identicil to those shown in paragraph
6b(4) of this report.

(5) Frequency Response

(a) The frequency resnonse of the Manufacturer C fiber optic
system, using T-603 modem SN 884 and T-608 modem SN 887, is shown in tablE
XXIII and figure 3. The absolute output level at 1 MHz was 2.9 dBm.

(b) The frequency response of the Manufacturer C fiber optic
system, using T-603 modem SN 881 and T-608 modem SN 888, is shown in table
XXIV and figure 4. 'Lhe absolute output levcl at I X11z was 2.9 dBm.
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TABLE XXIII. FREQUENCY RESPONSE OF MANUFACTURER C 12.6 Mbs
DATA FIBER OPTIC SYSTEM USING T-603 MODEM

•SN 884 AND T-608 MODEM SN 887
FREQ GA.IN R -'-f-"
(kHz) (d- (MHz) (dB)

1 2.9 1 2.9
2 2.9 12 2.9
3 2.9 3 2.9
4 2.9 4 2.8
5 2.9 5 2.8
6 2.9 6 2.8
7 2.9 7 2.9
8 2.9 8 2.9
9 2.9 9 2.9

10 2.9 10 2.9
20 2.9 70 2.5
30 2.9 30 1.0
40 2.9 40 -i.1
50 2.9 50 -4.1
60 2.9 60
70 2.9 70 -9.0
80 2.9 80 -!1.1
90 2.9 90 -23.7
100 2.9 L

TABLE XXIV. FREQUENCY RESPONSE OF IANUFACTUVER C 12.6 Mbs
DATA FIBER OPTIC SYSTEl: U3ING T-603 MODEM
SN 881 AND T-608 M)DEM SN S)

FREQ GAIN FR:*Q GAIN(kHz) (dB) (W, d)

1 2.8 1 2.9
2 2.9 2 2.8
3 2.9 3 2.7
4 2.9 4 2.6
5 2.9 5 2.6
6 2.9 6 2.6
7 2.9 7 2.6
8 2.9 8 2.6
9 2.9 9 2.6

10 2.9 10 2.6
20 2.9 20 2.7
30 2.9 30 1.7
40 2.9 40 -0.8
50 2.9 50 -3.7
60 2.9 60 -7.0
70 2.9 70 -11.7
80 2.9 80 -211.5
90 2.9 90 -29.1
100 2.9
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(6) Connect/Disconnect. Results are shown in table XXV for ICN
reading that were made following every 10 connects/disconnects for both the
Manufacturer C fiber optic cable and the equivalent coaxial cable.

TABLE XXV. CONNECT/DISCONNECT TEST (12.6 Mbs DATA)
(ICN IN dBrnc OF CHANNEL 2)

Number of Idle Channel Noise (dBrnc)
Connects/Disconnects Fiber Optic Metallic

0 23 23
10 23 23
20 23. 23
30 23 23
40 23 23
50 23 23
60 23 23
70 23 23
80 23 23
90 23 23
100 23 23

(7) Cyclic Flexing

(a) Results for the Manufacturc- C fiber optic cable are sho)w

In table XXVI. Se- paragraph 6b(6)(b).

TABLr YXVI. CYCLIC FLEX TEST (12.6 Mbs) FOR MANUFACTURER C
FIBER OPTIC CABLE

OpticaL Optical
Number oL Power Number of Power

Cyclaq (uW) Cycles (uW)

0 10 600 10
100 10 700 10
2C0 10 800 10
300 10 900 10
400 10 1000 10
500 10 1
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(b) Results for the coaxial cable are shown in table XXVII.

TABLE XXVII. CYCLIC FLEX TEST FOR COAXIAL CABLE

Voltage Measured
Number of Flex Cycles (volts peak-to-peak)

0 1
10 1
20 1
30 1
40 1
50 1
60 1
70 1

gO 1

90 1
100 1

RESULTS

.a. 4-kHz Voice Link

(1) TdA1 Channel Noise. ICN levels measured on the Manufacturer A
fiber optic link ranged from 24 to 28 dBrnc. They were at least 29 dB g .ater
than those neasured on any pair of the 26 pair cable.

(2) Crosstalk. On the Manufacturer*A fiber optic link, crobstalk
added from I .o 5 dB noise to the baseline ICN level. No measurable ch,':ige In
the baseline level of the ICN uo the 26 pair cable was observed; however,
changes may have occc-ried that were less than the sensitivity of the test
instrumentation.

(3) ;istortiuu. 7he Manufacturer A fiber optic link added from 0.65
to 1.17 percent distortion to the input signal. No more than 0.002 percent
distortion was aeded by tie 26 pair cable. For both links, the percentage of
distortion added was generally insensitive to changes in input frequency.

(4) Frequency Response

(a) Response curves were fairly linear and negatively sloped
over the frequenc- range I to 4 kHz; more erratic behavior was typically ob-
served in the frequency range 200 to 900 Hz.

(b) The slope of the response curve varied significantly be-
tween channel 9 ind channel 11. As measured frou Lhe I kHz point, a 3-dB drop
in gain occurred ct approximately 3 kHz on channel 9 and 4 kHz on channell 11;
thus, channel 9 exhibited a "usable" frequency bandwidth tor channei 11.
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(c) As previously noted, the optic table did not seat well on
the modem connectors; movement of the cable was capable of changing output by
up to 6 dB. This equipment flaw is considered responsible for the notieable
variation in the absolute magnitudes of the gain shown in the frequency re-
sponse curves.

(5) The condition/quality of the Manufacturer A fiber optic link was
clearly not up to par for a valid pomparison with a 26 pair cable link as
evidenced by the following observations:

(a) Only channels 9 through 12 could be tested due to modem
malf unction.

(b) The fiber optic cable did not seat well on the modem con-
nectors.

(c) Performance characteristics were unexpectedly poor.

(d) The modems were developmental items built by Manufacturer A
for CORADCOM. Apparently, they did not incorporate the refinements that one
would expect in a production model.

b. 1- ' Mbs Data lilnk

(1) idle Channel Noise. hiie ICN r-a'ings were similar "nr 10 u, 100
meter lengrlis of cable ior both the Manufacturer B fiber optic link azid the
coaxial (metallic) cabl.e link. Each link typically added no more than 2 eB of
noise to the baseline IN of the looped back TSEC/CY-1O0.

(2) (.rosstalk. Crosstalk induced additions to baseline ICN levels
were similar for both 10 cr 100 meter lengths of cable for both the Manufac-
turer B filnr ujtic iink and th! oaxial cable link. For each link, crcs
talk effects typicall- added lcAs than 1 dB of noise to the baseline ICN.

^DistoAcn. When compared to the distortion induced by the

HY-12A, neither 10 or !.0 1--Ler lengths of cable for the Manufacturer B fiber
optic link or the metallic, coaxial cable link produzed measurable distortion.

(4) Bit £rror Rate. The point estimate of the BER for a T-1 bit
rate input into tha fiber optic system with 10 or 100 Leters of cable or intc
the 10 meter, coaxial cable link is less than or equal to 2.2 x 109- errors/
bit. When 100 '1? .rs of coaxial cable were used, the BER was significantly
increased to a'out 6 x i0-6 errors/bit.

(5) Connect/Disconnect. Neither the Manufacturer B fiber optic link
nor the coaxial cable liik experienced any change in ICN level following 100
cycles of cable craxmectig and disconnecting.
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(6) Cyclic Flexing. Optic power output dropped significantly
following 2000 cyclic flexes of the fiber optic cable. The optical power
output loss was about 2 microwatts (roughly 17 percent).

(7) Installation/Recovery Time

(a) Installation/recovery times for 10 meters of fiber optic
cable and modems were, in general, slightly greater than those recorded tor 10
meters of coaxial cable. Times were significantly greater for 100 meters of
fiber optic cable znd modems as compared to 100 meters of coaxial cable, es-
pecially when these tasks were performed by only one soldier.

(b) This observed time discrepancy is attributed to the fo±-
lowing cause3:

I Dnrirg installation (recovery), six connections (discon-
nections) were required to install (recover) the fiber optic cable and modems
as compared to only two connections (disconnections) for the coaxial 'aLe
link.

2 The fiber optic modems had to be turned on (off).

3 The fiber optic -able wa felt to be more unruly and,
thus, harder to roll (unroll) and nwntd!-.

4 The test personnel were less experienced with fiber -
tic links tian metalli: cable links.

(c) More precise studies could have been conducted by a human

factors engin-er. Howev.er, USACEEIA personnel did not believe that such work
would be cJcc-effectr-e at chis point in the project (see ref ic, para 2.).

c. 12.6 Mbs Data Link

(1) idle Ch1anucl Noiqc. The ICN readings were similar for 10 or 100
meters of cable for both tne Manufacturer C optic link and the coaxial cable
link. No more than 2 dB of TCN was added to baseline (looped back
TSEC/CY-104) rc-lings by either link.

(2) Cro!stalk. No crosstalk induced additions to baseline ICN
levels were not: 4 for either 10 or 100 meters of Manufacturer C f~ber optic
cable. For the .' and 100 meter lengths of coaxial cable, crosstalk effects
typically added less than 1 dB of noise to the baseline ICN.

(3) Distortion. When compared to the distortion caused by the
HY-12A, neither I0 or 100 meter lengths of cable for the Manufacturer C optic
link or the coaxc al link produced measurable distortion.
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(4) Bit Error Rate. The point estimte of the BER for a T-I bit rate
input into the fiber optic system with 10 or 100 meters of Manufacturer C
cable or into the 10 meter, coaxial cable link is less than or equal to
2.2 x 10- 9 errors/bit. When 100 meters of coaxial cable were used, tb, BER
was significantly increased to about 6 x 10-6 errors/bit.

(5) Frequency Response. The Manufacturer C fiber optic link demon-
strated a virtually flat frequencyresponse from I kHz to 1 MHz. The link

displayed a usable frequency bandwidth of more than 30 MHz. This link, wnch
was designed for 20 M9h' analog use, incorporated an automatic gain control
(AGC) in the modems; this feature was primarily responsible for the excellent
frequency response characteristics of this link.

(6) Connect/Disconnect. Neither the Manufacturer C optic link nor
the coaxial cable link experienced any measurable change in ICN level fol-
lowing 100 cycles of cphle connecting and disconnecting.

(7) Cyclic Fleming. No measurable change in the optic po,pr Output
of the Manufacturer C optic cable or the output of the coaxial cable was ob-
served following 2000 flexes of the fiber optic cable and 100 flexes of the
coaxial cable.

7. ANALYS*XS

a. 4-k'lz Voice Link

(1) The Manufacturer A fiber optic link displayed more idle chatrel
noise, crosscalk, and diztortion than the 26 pair metallic cable link. - ad.-
dition, the frequency response of the fiber optic link indicated that the
"usable" channel bandwidth was less than 3.2 kHz, which is an approximate
standard fo. zommercI1P voice telephone applications. The significance o'

these probli.ms would deptnd on the system in which the fiber optic link Uas
used.

(2) Tie poorer pczfor~ance of the Manufacturer A fiber optic link

can be attributed to severai factors:

(a) The fiber optic link included two active elcctronic devices
(the modems) whereas the 26 pair cable link was completely passive. Perform-

ance degradaLion is most likely the product of the fiber optic modems and not
the fiber optic cable.

(b) As previously noted, the fiber optic modems were develop-
mental models and .n poor condition.

(3) Consequently, this test doeo not present a fair comparison be-
tween fiber optic links at voice frequency and the corresponding 26 pair cable
link. A more va. d comparison could be made if production models of fiber op-
tic modems in a good state-of-repair were available for testing.
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b. 1.544 Mbs Link

(1) Measured ICN, crosstalk effects, and signal distortion were
nearly identical for the Manufacturer B fi.ber optic link and the coaxial cable
link. BER was significantly lower for the fiber oFtic link with 100 meters of
cable than for the same length of coaxidl ca.'l- (at a T-1 data input rate).

(2) Although 100 cycles of connect:u', and disconnecting the Manufac-
turer B fiber optic cable and the coaxial ca.,,le had no effect on ICN readings,
2000 cyclic flexes of the fiber optic cable caused a significant loss in opti-
cal power output (more than 10 percent) in the fiber o; ic cable. Thus, thie
Manufacturer B fiber optic cable would ayperience a gradual deterioration in
performance if subjected to repeated flexing in its iatended field environ-
ment.

(3) In spite of the lighter weight of the fibe- optic cabla, instal-
lation and recovery times were longer for th _ Mar.ufact.urer B fiber optic link
than the coaxial link due to the presence. of. the fiber optic modems, which
required three times as many cable connections and discnae:tions. Time dif-
ferences were most pronounced for one-man installation or recovery using 100
meters of cable. /

(4) - the Manufacturer C fiber !otic JIk demonstrated i.lAar
or improved electrical performance to the coai,.Ia c-ble link, bnt req ic
more time to install or recover and experienced gradual deterioration of
output power caused by repeated cyclic flexec ot the cable.

c. 12.6 Mbs Data Link

(1) The Manufacturer C fiber optic ±in! 's electrical perfc7.nance was
essencially the same (or better for BER) as thaL of the coaxial ca'r.e link.
Repeated cyclic flexing and connecting/disconnecing of the cablP cautred no
measurable change in the performance of the fiber optic link. Howojar, as
previously mentioned, inustaliatioEI/recoveiy times wou. most likely be louger
for the fiber optic link than the coaxial cable link.

(2) The Manufacturer C fiber optic link used state-of-the art com-
ponents that are being used in commercial applications. Therefore, this
comparison with the coaxial cable link is considered to be a valid one.

d. When used in zero length intrastation applications, the better elec-
trical performance of fiber optic cable in comparison to the equivalent me~tl-
lic cable appears to compensate for the degradation in electrical performance
caused by the presence of the nodcm.s required in the fiber optic link. The
lighter -weight of thc iber optic cable does not compensate for the additicnal
connections/disconnections required in the fiber optic links tested when
installation/recovery -"me Is consiJercd.
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8. CONCLUSIONS

a. 4 kHz Analog

The 4kHz fiber optic analog link was poc:-er in all catagorles of

tests than the 26 pair cable. This was due to 1he fact that the manufacturer A

fiber optic link was neither In the state-of-repair nor of adequate quali+y of

construction to permit a valid comparison with the equivient 26 pair mel'rllic

cable link used In a 4 kHz voice, zero length inirastdtion application.

Further, Manufacturer A fiber optic link was not an off-th-shelf modem, but

was the result of an exploratory developwent &)ntrect.

b. 1.544 jIb/s Link

(1) The decradation of power output wit- Z-0 cyclic flexe: of 'hk

fiber optic cable (greater than 10%) is considered to be trivial considering

the gain margin available at 100 1. In addiion, 2000 flexps is considere' to

be far more than would be encountered In a norn ;!,,oulpment lifetime.

Therefore, the fiber optic cable is considered tc be more than rugged enough

for Intrastation Interconnection application.

(2) The increase Installation and recovery times for the fiber cptic

cable was due to the use of EAMI/TTL units to interface the fiber optic modem;

with the TSEC CY-104 1.544 Mb/s multiplexer. This ad hoc Interface was

required since the CY-104 Digital bit stream input/output was not designed for
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a fiber optic Interface. This added interface device would not be required in

a properly engineered fiber optic transmission system.

(3) The Increased bit error rate tcr the coax cable at the 100 meter

distance was due to operating the equipment be'or.d Its design limit (1501).

This does, however, underline the Increased floxibility of equipment layout

possible with fiber optic cable which had no errors at the 100 meter distance.

(4) If fiber optics Is to be used foi this ilnk, the present coax

cable driver electronics (bi-polar) would be replaced by the optical c~Zle

driver electronics (LED transmitier and PIN pnotockcde detector). The number

of Interconnects would then be the same as for coax cable- one data cable and

one timing cable.

c. 12.6 I-b/s

(1) There was no degradation in l-le channel noise, distortion,

crosstalk, or bit error rate when fiber optic. ,,i used to replace coa> zabl.

at the 12.6 Mb/s rate. This result was in spite of the fact thal no commercial

digital fiber optic modem could be found which would take a 12.6 Mb/s bi-poiar

signal as an Input. The plus and minus one volt signal was treated as an

analog signal and was passed with little distortion, over a 20 MHz analoj fiber

optic link.
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d. General Conclusions

(1) The technical feasibility of using commercial fiber optic da+

links with standard strategic communications transmission multiplex equipmert

In an intrastation application environment was demonstrated.

(2) Fb optic links greatly Increase the flexibility of equipment

layout since ine cable Is non-conductive electric and neither radiates nor

picks up e~ectromaynetic radiation.

(3) %ost available commercial fiber optic modems will probably not

meet TEMPEST requirements.

(1) The ucommerclal fiber opTic sysi-m- 3vailable at the t;.

selection of cindidate itcms fc" evaluation wias made, were not designed to

Interface opt maIly *; 1 1he CCS multIplexers then in use, i.e., TSEC CY-104,

AN/FCC-97.

(3) Comerc,2 table fiber optic systems are rugged and handle

easily enough for Intrastation applications in the DCS and other fixed plant

environments.

(6) Attenilon must be given to design and handling of fiber optic

connectors In fiber optic Interconnects to prevent losses due to misalignment

or Impropor seating of connectors.
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9. RECOMMENDATIONS

a. PCM multiplexers, channel banks, digital radios, and digital data

processing equipment should contain Integral fiber optic transmitters and

receivers with optical ports (connectors) for fiber optic Interconnectivity.

b. A family of fiber optic transmitters and receivers should be developed

for Inplementerion as Integral parts or appliques to DCS data transmission

equipment. Pjw to the large number of small commercially available fiber optic

modems, the developmen+ required may be minimal, resulting in more of r

repackaging effort than a development.

c. It I roi considered cost effectiv; i u uso fiber optics for voice

frequency channes (space multiplexing), due to Vie cost of fiber op-ic

ttansmitters Lnd receivers. Application of Fiber Optics to digital trans-

mission/inultirlexing ! recommended with a minimum rate of at least the .-.

rate (1.544 i4b-*/ as a cost effective consideration.
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1. 4 KHZ VOICE LINK

1.1 IDLE CHANNEL NOISE (ICN)I
A. Equipment Used.

I. Fiber Optic System.

a. 4-kHz fiber optic modems (2 ea).

b. 300 meters fiber optic cable.

c. J-1077 A/V juncton box (2 ea).

d. 7tansmission impairment measuring set (HP 4940 AV, SN
01A00688).

2. Metallic Cable System.

a. 26 pair cable (250 ft).

b. J-1077 A/V junction bDx (2 ea).

c. Transmission impairment measuring seL (ftP 6940A, SN
01A00688).

B. Procedure.

1. Fiber Optic System.

a. Test set up using figure I.

b. HP-4940A TiMS was set un i- th foliwing manner. Fwit hes
were set for message aircuir noise, noise filter selection to C-message
weighting and circuit impedance of 600 ohms. The distant end of the -b.nnel
was terminated at 600 ohms.

2. Metallic Cable System -- Same procedure a3 B.1 above e:-cept using
figure 2.

C. Test Data.

TABLE I. !DLE C"L.',,EL NOISE OF 4-KPZ FIBER OPTIC SYSTEM

Channel No. Idle Channel Noise (dBrne)

9 24
10 28
11 25
12 24

Note: Chanrels 9-12 on fiber optic modem were the only channels that were
operatiounal.



Idle channel noise for metallic cable system was lower than HP-4940A

measurement capabilities. HP-4940A measurement range is 20 to 90 dBrnc.

1.2 CROSSTALK

A. Equipment Used.

1. Fiber Optic System.

a. 4-kHz fiber optic modems (2 ea).

b. 300 meters fiber bptic cable.

c. J-1077 A/V junction box (2 ea).

d. Test oscillator (1P 204C, SN 808-01789).

e. Transmission impairment measuri,g qet (HP-4940A, TIMS, SN
01A00688).

2. Metallic Cable System.

a. 26 pair cable (250 ft).

b. J-1077 A/V junction box (2 ea).

c. Test oscillator (HP-204C, SN 908-0i789).

d. Transmission impairment measuring sct 'T!P-4940A, TIMS, SN
F 01A00688).

B. Procedure.

1. Fiber Optic System.

a. Test set up using figure 3.

b. HP-2046 test oscillator was set at 1000 Hz at -in dBm and
connected to transmit end of J-1077 A/V junction box !P-4940A ILMS was set
up in the following manner. Switches were set for message circuit noise,
noise filter selection to C-message weighting and circuit Inpoianre of 600

ohms. The TIMS was connected to receive end of adjacent channel to be es-ed.

2. Metallic Cable System -- Same procedure as B. above except using
figure 4.

~~2



C. Test Data.

TABLE II. CROSSTALK OF 4-KHZ FIBER OPTIC SYSTEM

Crosstalk Measurement (dBrnc)

Idle Channel 1000 Hz 1000 Hz iO00 11z 1000 Hz
Channel Noise of -10 dBm -10 dBm -10 dBm -10 dBm
Tested Channel Tested Tone on Tone o'. Tone on Tone on
(No.) (dBrnc) Channel 9 Channel 10 Channel 11 Channel 12

9 24 -- 29 27 26

10 28 29 -- 29 29

11 25 26 27 - 30

12 24 27 25 26 --

1.3 DISTORTION

A. Equipment Used.

1. Fiber Optic System.

a. 4-kHz fiber optic modem (2 ea).

b. .00meters fiber optic cabla

c. J-1077 A/V junction box (2 Ea).

d. Test oscillator (HP-204c, SN 806-¢1789).

e. Distortion analyzer (HP-33A, SN 1140A07152).

f. Frequency selective voltmeter (Aycom 6010, SN 122).

g. Balanced to unbalanced circuit transformer.

2. Metallic Cable System.

a. 26 pair cable (250 ft).

b. J-1077 A/V junction box (2 ea).

c. Test oscillator (HP-204C, SN 808-01789).

d. Distortion analyzer (HP-334A, SN 1140A07152).

e. Frequency selective voltmeter (Rycom 6010, SN 122).

f. Bilanced to unbalanced circuit tranrfor-oer.
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B. Procedure. i
1. Base line measurement.

a. Test set up using figure 5.

b. Test oscillator HP-204C was set at 1000 Hz at -10 dBm and
connected to balanced side of transformer, and terminated at 600 ohms
impedance. The distortion analyzer HP-334A was connected to the unbalanced
side of the transformer and measurements taken. Procedure repeated for 2C00

and 3000 Hz.

2. Fiber Optic System

a. Test set up using figure 6.

b. Test oscillator HP-204C was set at 1000 Hz at -10 dEa Ath
the signal sent through the system, connected to the balanced side of
transformer, and terminated at 600 ohms impedance. The frequency selection
voltmeter Rycom 6010 was set to 600 ohms and also connected to the balanced
side of the transformer. Thp distortion analyzer HP-334A was connected to tb-
unbalanced side of the transformer. The frequency selective voltmeter :s

tuned to 1000 Hz and the power output of the test oscillator was adjusted
until proper levels were read on the voltmeter. Distortion level readings
were then taken. This procedure was then repeated for 2000 Hz and 3000 Hz.

3. Metallic cable system -- same piocedure as B.2 above except usinp
figure 7.

TABLE III. 4 KHZ VOICE DISTORTION

Distortion Levels (%)
Frequency Fiber Optic System 11etallic Cable Systcn
of -10 dBm B- elilie
Test Tone measure- Chan Chan Chan Chan Chan Chan Chan Chao'

(Hz) ment 9 10 11 12 1 13 14 26

1000 0.072 1.2 0.7 1.25 1.95 0.072 0.072 0.072 0.072

2000 0.046 1.0 0.7 1.15 1.85 0.048 0.048 0.048 0.048

3000 0.038 0.95 0.8 1.2 1.75 0.040 0.040 0.040 0.040
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2. 1. 544 MBS DATA LINK

2.1 IDLE CHANNEL NOISE

A. Equipment Used.

1. Fiber Optic System.

a. 1.544 Mbs data fiber optic moeems (4 ea).

b. Fiber optic cable (10- and 100-meter lengths).

c. BAMI/TTL interfaca converter (2 ea, SN 002604 and 002605).

d. TSEC/CY-104 multiplexer (HY-12A, SN 139 and HN-74, SN 500).

e. AN/FCC-97 multiplexer (S! 01J0033).

f. Transmission impairment tieasurement set (HP-4940A TIMS,

SN 01A00688).

'. Mecallic Cable System.

a. Coax cable RG-59 (10- and 100-meter lengths).

b. TSEC/C-'-i4 multiplexer (HY-12A, SN 139 and HN-74, SN 500).

c. AN/ztC--97 multiplexer (SN 01J0033).

d. 'i'ransmission impairmert measuring -cc (HP-4940A TU4S,
SN 01A00688).

B. Procedure.

1. TSEC/CY-104 Loop Back (NRZ Lc'-? J107 to J118).

a. Te.F.t set up using figure 8.

b. HP-4340A TIMS was s2& up in the following manner. Switches
were set for message circi.it noise, noise fiter selection to C-message

weighting, and circuit impedance of 600 ohms. The transmit channel of the
TSEC/CY-104 was terminated at 600 ohms. The noise level was checked at the
front receiver potzh on the 7120-05 channel ur ft card of the TSEC/CY-104.

2. Fiber Optic System -- Same procedure as in B.1 above except using
figure 9.

3. Metallic Cable System -- Same proceudres as in B.1 above except

using figure 10.

r
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C. Test Data.

TABLE IV. IDLE CHANNEL NOISE OF 1.544 MBS FIBER OPTIC SYSTMI

Idle Channel Noise (dBrnz)
Channel 10-meter 100-meter

Tested TSEC/CY-104 Fiber TSEC/CY-104 Fiber
(No.) Looned Back Optic Cable Looced Back Optic Cable

3 22 22 22 22

7 18 ?0 18 20

10 24 24 24 24

15 23 24 23 24

19 24 24 21 24

22 18 18 18 18

TABI r V. IDLE CHANNEL NOISE OF 1.544 MBS MEYALLTC CABLE SYSTE-M

ChanLLei Idle Clannel No sE (dBrr-c)
Tested T6EC/CY-104 10-meter 73JT7-1U4 100-meter

(No.) Looped Back Coax Cable Looped Back Coax Cable

3 22 24 22 22

7 18 22 18 20

10 23 23 24 24

15 22 24 22 24

19 24 24 24 24

22 18 20 18 18

6&



2.2 CROSSTALK

A. Equipment Used.

1 . Fiber Optic System.

a. Fiber optic modems (4 ea).

b. Fiber optic cable (10- and 100-=:er lengths).

c. BAMI/TTL interface conv!e-rte!r (2 ea, SN 002604 and 002605).

d. TSEC/CY-104 multiplexer (H' -12A, SN 139 and HN-74, SN 500).

e. AN/FCC-97 multiplexer (SN 01J0033).

f. Transmission impairment measurcmeit set (HP-4940A TIVS,
SN 01A00688).

g. Test oscillator (HP-204C, SN 808-01789).

2. Metallic Cable System.

a. Coax cable RG-59 (10- and 100-meter lngths).

b. TSEC/CY-104 multiplexer (HY-12A, SN 139 and HN-74, SN 500).

c. AN/FCC-97 multiplexer (SN 01 03Y.

d. Transmission impairment measuring set (HP-4940A TIMX,
SN 01A00688).

e. Test oscillator (HP-2,4C, SN 808-01789).

B. Procedure.

1. Fiber Optic System.

a. Test set up using figure 11.

b. HP 204C test oscillator was set at 1000 Hz and a -16 dBm tone
was inserted into the transmit patch on the 7120-05 channel unit card of tr,
TSEC/CY-104. The receive patch of the disturbing channel was terminated at
600 ohms. The HP-4940A TIMS was set up in the following manner. SvItches
were set for message circuit noise, noise filter selection to C-message
weighting, and circuit impedance of 600 ohms. The TIMS was then connected Lo
the receive patch of the 7120-05 channel unit card of the disturbed channel.
The transmit patch of the 7120-05 channel unit card was terminated at 600
ohms. The tone was inserted on channels 2 and 23, and the physically and
electrically adjacent channels to both were tested.

2. Metallic Cable System-- Same procedure as in B.I above excep-

using figure 12.
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C. Test Data.

TABLE VI. CROSSTALK MEASURLIENT, 1. 544 MBS DATA LINK
(-16 DBM TONE INSERTED ON CHANNEL 2)

Fiber Optic System Metallic Cable System
Channel 10-meter 100-meter 10-meter 160-meter
Measured ICN Crosstalk ICN Crosstalk ICN Ccosstalk ICN Crosstalk

(No.) (dBrnc) (dBrnc) (dBrnc) (dBrnc) (dBrnc) (dBtnc) (dBrnc) (dBrnc)

1 24 24 24 24 24 25 24 24

3 23 24 23 23 23 24 23 23

14 23 24 23 23 23 24 23 24

18 25 25 24 24 25 2i 24 z4

.1

TABLE VII. CROSSTALK MEASUREMENT, 1.544 MBS DATA LINK
(-16 DBM TONE INSERTED ON CHANNEL 23)

viber Optic System Meralli- Cable Systzm
Channel _ 10- ,e-r 100-meter 1O-...ter 10r-m -er
Measurea C 1 (r sstalk ICN Cross-,lk TN Cro5stalk ICN Crosstajk
(No.) (dBrnc) ('1Brnc) (dBrnc) (dBrnc) (dBi:Qi (dBrnc) (dBrc) kdqrr-

7 22 22 22 22 Ili 21 21 21

11 18 18 18 19 20 20 21 22

22 19 19 20 20 19 19 21 21

24 17 17 17 17 17 17 20 20

.8
i'4
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2.3 DISTORTION

A. Equipment Used.

1. Fiber Optic System.

a. Fiber optic modems (4 ea).

b. Fiber optic cables (10- and 10-meter lngths).

c. BAMI/TTL interfacp converte- (2 ea, SN 002604 and 002605).

d. TSEC/CY-104 multiplexer (HY-12A, SN 139 and HN-74, SN 500).

e. AN/FCC-97 multiplexer (SN 01J0033).

f. Balanced to unbalanced circuit traasformer.

g. Test oscillator (HP-204C, SN 808-01789).

h. Frequency selective voltmeter (Rycom 6010, SN 122).

i. Distortion analyzer (HP-334A, SN 1140A07152).

2. Metallic Cable System.

Coax cable RG-59 (10- and 100-r,-.t-r lcngths).

b. TSEC/CY-I04 multiplexer (HY-!ja, SN 139 and HN-74, S 1O"t .

c. AN/FCC-97 multiplexer (SN 0.J0033).

d. Balanced to unbalanced circuit transfcrrmer.

e. Test oscillator (HP-204C, Si; 303-01789).

f. Frequency selective voltmeter (T'vcom 6010, SN 122).

i. Distortion analyzer (HP-334A, SN 1140A0!152).

B. Procedure.

1. Baseline Measurement.

a. Test set up using figure 5.

b. Test oscillator HP-204C was set at 1000 Hz and -16 dBm,
connected to the balanced side of the transformer and was terminated at 600
ohms impeda-ce. The distortion analyzer HP-33LA was connected to the
unbalanced side of the transformer and measurements taken. The procedure vas
then rEpeated for 2000 Fz and 3000 Hz. Coax cable lexzgLh between trans-
former and distortion analyzer was then varied, using 1-, 10-, and 100-mere:
lengths.
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2. Distortion Measurement of HY-12A.

a. Test set up using figure 13.

b. The test oscillator HP-204C was set at 1000 Hz and inserted a

-16 dBm tone into the transuit patch on the 7120-05 channel unit card of the

HY-12A. The receive patch on the 7120-05 channel unit card was then connected

to the balanced side of the transformer and terainated at 600 ohms. 7n- fre-
quency selective voltmeter Rycom 6010, set at 600 ohms bridging, wa5 also

connected to the balanced side of the transformer. The distortion an.%lyzer

HP-334A was connected to the unbalanced side of the transformer. The fre-

quency selective voltmeter was tuned to 1000 Hz and output of the test os:il-

lator adjusted until proper signal levels were observed. Distortion measure-

ments were then taken. This procedure was repeated for 2000 Hz and 3000 Hz.

Both channels 2 and 23 were measured.

3. Fiber Optic System -- Same procedure as B.2 above except using
figure 15.

C. Test Data.

TABLE VIII, DTSTORTION MEASUREMENT BASELINE READINGS

Test Tone

Frequency Distortion (%)
(Hz) 1 meter !C 'I'ters 100 meters

1000 0.072 0.O,; 0.072
2000 0.044 0.050 C.052
3000 0.038 0.045 0.046

TABLE IX. DISTORTION M2ASUREMENT (1.544 MBS DATA LINK)

Distortion (%)

Channel Frequency Fiber Optic System Metallic Cable System

(No.) (Hz) HY-12A 10 meters 100 meters 10 meters 100 meters

2 ;000 1.95 1.95 1.95 1.95 1.95

2000 1.90 1.90 1.90 1.90 2.00

3000 2.70 2.70 2.70 2.70 2.70

23 1000 2.00 2.00 2.00 2.00 2.00
2000 2.00 2.00 2.00 2.00 2.00
3000 2.90 3.00 2.90 2.90 2.90

10
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2.4 BIT ERROR RATE

A. Equipment Used.

1. Condition diphase pattern (CDP) generator and error correlator
(CORADCOM GFE).

2. Fiber optic cable (10- and 100-meter lengths).

3. Fiber optic modem.

B. Procedure.

1. Test set up using figure 16.

2. Output of CP? generator was connected to the data input terminal
of the optical todem. The optical side of the modem was looped back and the
data output of the optical tiodem was connected to the input terminal of the
CDP generator and correlator. The CDP gPnerator and correlator were operated
at both 16 -nd 32 kb,.

C. Test Data.

TABLE X. BIT FRROR COUNT (1.544 MBS LINK) (16/32 KBS CDP TEST)

Input Number of
Data Rate Pours Test Nirber of Error.

(kbs) Was Run 10-meter 100-meter

16 100 0 0
32 50 0 0

2.5 CONNECT/DI-CONNECT

A. Equipment Used.

1. Fiber Optic System.

a. Fiber optic modems (4 ea).

b. Fiber optic cable (10-'rter leugth).

c. BAMI/TTL interface converter (2 ea, SN 002604 and 002605).

d. TSEC/CY-104 multiplexer (HY-12A, SN 139 and HN-74, SN 500).

e. AN/FCC-97 multiplexer (SN 01J0033).

A



f. Transmission impairment measurement set (HP-4940A TMS,
SN 01A00688).

g. Test oscillator (HP-204C, SN 808-01789).

2. Metallic Cable System.

a. Coax cable RG-59 (10-meter length).

b. C'SEC/CY-104 multiplexer (HY-12A, SN 139 and HN-74, SN 500).

c. AN/FCC-97 multiplexer (SN 01J0033).

d. Transmission impairment measuring set (HP-4940A TIMS,
SN 01A00688).

B. Procedure.

1. Fiber Optic System.

a. Test set up using figure 9.

b. The fiber optic cable between the two optical modems carrying
data was disconnecte6 and reconnected 100 times. Idle channel noise was
measured every 10 timtes,

2. Metalli- Cable System.

a. Test --et uip using firnire 10.

b. The coax cable between the TSEC/CY--104 and the WXFCC-97 was
disconnectee an"' re,'onrnected 100 Limes. Idle channel noise was measured every
10 times.

C. Test Data.

TABLE XI. CONNECTr/DISCONNECT TFST (ICN IN DBRNC OF CHP.NNEL 2)

Number of Idle~ Channel Noiqe (dBinc)/
Connects/Discinnects Fiber ODtic Metallic

0 23 23
10 23 23
20 23 23
30 23 23
40 23 23
50 23 23
60 23 23
70 23 23
80 23 23
90 23 23

100 23 23

12



2.6 CYCLIC FLEXING

A. Equipment Used on Fiber Optic System.

* 1. Optical modem.

2. Fiber optic cable (10-meter length).

3. Frequency synthesizer (SYNTEST S1-102, SN 10-2039).

4. Optical power meter (United Detector Technology, Mdl 40X,
SN 46088).

B. Procedure.

1. Test set up using figure 17.

2. The frequency synthesizer was set at 1 MHz, 1-volt peak-to-peak
square wave. The output was inserted into the optical modem. Optical power
output was measured with the optical power meter. The cable was flexed over a
mandrel 2.5 times the diameter of the cable. Power readings at the end of the
cable were measured every 100 cycles.

C. Test Data.

TABLE XII. CYCLIC FLEX TEST

Gptical Opt)uai Opt.ical Opt.ical
Number of Power Number of Power Number of Power Number of Pcu-r
,Cycles '--) Cycles (uW) Cycles (uW) Cycles (u"",_

0 12 600 11 1100 11 1600 10
100 12 700 11 1200 11 1700 10
200 12 800 11 1300 11 1800 10
300 i2 900 11 1400 11 1900 10
400 11 1000 ii 1500 11 2000 10
500 11

2.7 INSTALLATION/RECOVERY

A. Equipment Used.

1. Fiber Optic Systems.

a. (ptical modems (4 ea).

b. FMber optic cable (10- and 100-meter lengths).

c. BAMI/TTL interface converter (2 ea).

d. ISEC/CY-104.

e. AN/FCC-97.

13



2. Metallic Cable Systems.

a. Coax cable RG-59 (10- and 100-meter lengths).

b. TSEC/CY-104.

c. AN/FCC-97.

B. Procedure.

1. Fiber optic system set up using figure 18.

2. Metallic cable system set up using figure 19.

3. The times measured apply only to the time needed to unroll or
roll the cable and connect or disconnect the interface equipment. The
TSEC/CY-104 and AN/FCC-97 were previously installed.

C. Test Data.

TABLE XIII. INSTALLATION TIME

Installation Time (Minutes)

10 meters 100 meters
Trial 1 2 3 1 2 3
Number Person Persons Persorn Person Persons Persons

Fiber upric Syt m

1 5 3 3 18 6 5
2 4 3 5 17 11 5

3 4 A 3 17 11 6
4 4 3 -- 12 11 --

5 4 3 -- 8 10
6 4 3 -- 10 12

Metall'c Cable System

1 4 2 2 7 5 5
2 5 3 3 3 4 5
3 4 5 2 4 10 4
4 3 -- 3 4 --

5 5 3 4 5
6 4 2 5 5

11



TABLE XIV. RECOVERY TIME

Recovery Time (Minutes)
10 meters 100 meters

Trial 1 2 3 1 2 3
Number Person Persons Persons Person Persons Persons

Fiber Optic System

1 3 3 2 16 7 6
2 3 2 *2 12 10 5
3 3 2 3 10 10 5
4 3 2 -- 10 9 --

5 2 2 -- ii 10
6 2 2 -- 10 10

Metallic Cable System

1 2 1.5 2 3 5 4
2 3 2 2 11 5 3
3 3 2 1.5 11 4 4
4 5 1.5 - 6 3 --

5 2 2 -- 5 4
6 2 1.5 - 5 3

15
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3. 12.6 MHZ ANALOG LINK

3.1 IDLE CHANNEL NOISE

A. Equipment Used.

1. Fiber Optic System.

a. 12.6 Mbs analog fiber ^ptic modems (4 ea).

b. Fiber optic cables (10- and 1.10-meter lengths).

c. TSEC/CY-104 multiplexer.(HY-i2A, SN 139 and HN-74, SN 500).

d. AN/FCC-97 multiplexer (SNl 01J0033).

e. Transmission impairment measurement set (HP-4940A TIMS,
SN 01A00688).

f. ANIFRC-162 M/W radio, SN 31A.

g. TerriCom M/W radio, NSN.

2. Metallic Cable System.

a. Coax cable RG-59 (10- and 100-mo.ter .ten~ths).

b. -SEC/.PY-1O4 multiplt~xer (HY-.2b, SN 139 -and HN-7/., SN Z)0.

c. AN/FCC-97 multiplexer (SN O]J0033).

d. Transmission impairment measurinig set (HP-4940A TIMS,

SN 01A00688).

e. AN/FRC-162 MiW radio, SN 31A.

f. TerriCom M/W radio, NSN.

B. Procedure.

1. TSEC/GY-104 Loop Back (NRZ Loop J107 to JlOS).

a. Test set up using figure 8.

b. HI.-4940A TINS was set up in the following manner. Switclits1 were set for message circuit noise, noise filter selection to C-message
weighting, and circuit impedance of 600 ohms. The transmit channel of the
TSEC/CY-104 was terminated at 600 ohmns. The noise level was checked at the
front receiver patch on the 7120-05 channel unit card of the TSEC/CY-104.

2. Fiber Optic System -- Same procedure as in B.1 above except u~irng
figure 20.
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3. Metallic Cable System -- Same procedure as in B.1 above except
using figure 21.

C. Test Data.

TABLE XV. IDLE CHANNEL NOISE OF 12.6 MBS FIBER OPTIC SYSTEM

Idle Channel Noise (dBrnc)
Channel 10-meter 100-meter
Tested TSEC/CY-104 Fiber TSEC/CY-104 Fiber
(No.) Looped Back Optic Cable Looped Back Optic Cable

3 22 23 23 24

7 18 20 18 20

10 23 23 22 23

15 23 23 23 24

19 23 24 23 24

22 Id 19 18 20

TABLE XV.. IDLE CHANNEL NOISE O 12.6 MBS -4FTALLIC CABLE SYSTEM

Channel Idle Chaniel Noice (e4Brnc)
Tested TSEC/CY-104 10-meter TSEC/CY-104 100-meter
(No.) Looped Back Coax Cable Looped B&ck Coax Cable

3 22 22 22 22

7 17 19 17 19

10 23 23 24 24

15 24 24 24 24

19 24 24 24 24

22 18 18 18 18

17
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3.2 CROSSTALK

A. Equipment Used.

1. Fiber Optic System.

a. Fiber optic modems (4 ea).

b. Fiber optic cable (10- and 100-meter lengths).

c. TSEC/CY-104 multiplexer (HY-12A, SN 139 and HN-74, SN 500).

d. AN/FCC-97 multiplexer (SN 01J0033).

e. Transmission impairment neasurement set (HP-4940A TIMS,
SN 01A00688).

f. Test oscillator (HP-204C SN 808-01789).

g. AN/FRC-162 M/W radio, bN 31A.

h. TerriCom M/W radio, NSN.

2. Metallic Cabli System.

a. Coax ca le RG-59 (10- and IC0-meter lengths).

b. TSECCY-104 multiplexer (1Y-12A, SN 139 and HN-7', O) 5C o.

c. ANi/CC-97 multiplexer (L;N uijOO33).

d. Trinsmission impairment measuring set (HP-4940A TIMS,
SN 01A006838.

e. Test oscillator (HP-204C, SN &08-C1Y,9).

f. ANiFRC-162 M/W radio, 0N 31A.

g. TerriCom M/W radio, NSN.

B. Procedure.

1. Fiber Optic System.

a. Test set up using figure 22.

b. HP-204C test oscillator was set at 1000 Hz and a -16 dBm tone
was inserted into the transmit patch on the 7110-05 channel unit card of the
TSEC/CY-104. The receive patch of the disturbing channel was terminated at
600 ohms. The HP-4940A TIMS was ser up in the followirg manner. Switches
were set for message circuit noise, noise fiJrer selection to C-message
weighting, and circuit impedance of 600 ohms. The TIMS was then connected to

18



V
the receive patch of the 7120-05 channel unit card of the disturbed channel.
The transmit patch of the 7120-05 channel unit card waz terminated at 600
ohms. The tone was inserted on channels 2 and 23, and the physically and
electrically adjacent channels to both were tested.

2. Metallic Cable System -- Same procedure as in B.1 above except
using figure 23.

C. Test Data.

ThBLF XVII. CROSSTALK MEASURE.ENT, 12.6 MBS ANALOG LINK
(-16 DBM TONE INSERTED ON CHANNEL 2)

Fiber Optic Syst-em Metpiic Cable System
Channel 10-meter 100-meter 10-meter 100-meter
Measured 14CN Crosstalk ICN Crosstalk ICN Crosstalk ICN Crosstalk
(No.) (dBrnc) (dB-nc) (dBrnc) (dBrnc) (dBrnc) (dBrnc) (dBrnc) (dBrnc)

1 22 23 22 22 22 23 22 22

3 22 22 22 22 22 23 21 22

14 23 23 23 23 23 23 23 24

18 24 24 24 24 24 24 24 24

TABLE veIIl. CROSSTALK MEASURE T, 12.6 MB3 ANALOG LINK
(-16 DBM TONE INS'flTHD ON CHANNEL 23)

Fiber Optic System !f.t-1lic Cable System
Channel 10-metri 100-meter 10-meter 100-meter
Measured ICN Crosstalk ICN Croscga.. ICN crosstalk ICN Crosstalk
(No.) (dBrnc) (dBt-..c) (dBrnc) (d~r-ic) (dBrrn) (dBrnc) (dBrnc) (dBrnc)

7 21 21 21 21 21 21 20 20

11 21 21 21 21 21 21 21

22 20 20 20 20 20 21 20 20

24 17 17 17 17 i7 17 18 18



3.3 DISTORTION

A. Equipment Used.

1. Fiber Optic System.

a. Fiber optic modems (4 ea).

b. Fiber optic cables (10- and 100-meter lengths).

c. BAMI/TTL interface converter (2 ea, SN 002604 and 002605).

d. TSEC/CY-104 multiplexer (HY-12A, SN 139 and HN-74, SN 500).

e. A.N/FCC-97 multiplexer (SI 01J0033).

f. Balaned to unbalanced circuit transformer.

g. Test uscillator (HP-204C, SN 808-01789).

h. Frequency selective voltmeter (Rycoff 6010, SN 122).

i. Distirtion analyzer (HP-334A, SN 1140A07152).

J. A4/FRC-162 M/W radio, SN 31A.

k. Te~riCom M/W radio, Ni'.

2. MeLallic C'abl! System.

a. Coax cable RG-59 (10- ard 100-meLt-: lengths).

b. TSEC/CY-104 multiplexer (.v-12A, SN 139 and HN-74, SN 500).

c. AN/FCC-97 multiplexer (SIA 01JOn3l).

d. Balanced to unbalancnd zircuit transformer.

e. Test oscillator (HP-204C, SN 808-01iQ9).

f. Frequency selective voltmeter (Rycom 60.10, SN 122).

g. Distortion analyzer (H?-334A, SN 1140A07152).

h. AN/FRC-162 M/W ra~io, SN 31A.

i. TerriCom M/W radio, NSN.
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B. Procedure.

1. Baseline Measurement.

a. Test set up using figure 5.

b. Test tscillator HP-204C was set at 1000 Hz and -16 dBm,

connected to the balanced side of the transformer and was terminated at 600

ohms impedance. The &Istortion analyzer IIP-334A was connected to the

unbalanced side of the transformer and measurements taken. The procedure was

then repeated for 2000 Hz and 3000,Hz. Coax cable length between trans-

former and distortion analyzer was then varied, using 1-, 10-, and 100-meter

lengths.

2. Distortion Measurement of HY-12A.

a. Test set up using figure 13.

b. The test oscillator HP-204C was set at 1000 Hz and inserted a

-16 dBm tone into tli- transmit patch on the 7120-05 channel unit card of the
HY-12A. The -eceive patch on the 7120-05 channel unit card was then connezted

to the balanced side of thc transformer and terminated at 600 ohms. The fre-
quency selective voltmeter Rycom 6010, set at 600 ohms bridging, was also
connected to the balanced side of the transformer. The distortion analyzer
HP-334A was connected to the unbalanced side of the transformer. The fre-
quency selective volti'eter ,rs tuned to 1000 Hz and output of the t':t uqcil-
lator adjusted until irop-r signal levels were observed. Dist-tnric m .re-
ments wore then aken. This procedure was repeated for 2000 Hz and 3000
Both cnanne.s 2 a,.d 23 were measured.

3. Filer Optic System -- Same Irocedure a, B.2 above except using
figure 24.

4. Metallic Cal*le System -- Samp pLocedure as B.2 above except using

figure 25.

C. Test Data.

TABLE XIX. DTS ORTION MrASUREMENT AT 12.6 M5 ANALOG LINK
BA2'LINTE READINGS

Test Tone

Frequency Distortior. (%-)
(Hz) 1 meter 10 meters 100 meters

1000 0.072 0.072 0.072

2000 0.046 0.052 0.052

3000 0.038 0.046 0.048
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TABLE XX. DISTORTION MEASUREMENT (12.6 MBS ANALOG LINK)

Distortion (%)

Channel Frequency Fiber Ontic System Metallic Cable System

(No.) (Hz) HY-12A 10 meters 100 meters 10 meters 100 meters

2 1000 1.95 1.95 1.95 1.95 1.95

20-)0 1.90 1.90 1.90 1.90 1.90
3000 2.70 2.70 2.70 2.70 2.70

23 1(000 2.00 2.00 2.00 2.00 2.00

2000 2.00 2.00 2.00 2.00 2.00

3000 2.90 2.90 2.90 2.90 2.90

3.4 BIT ERROR RATE

A. 10- and 100-Meter Fiber Optic Calle System.

1. Equipment Uscd.

a. HP--780A pattern generator/error detector, SN 1739N00477.

b. AN/FRC-16? radio, SN 31A.

c. TerrC!:)Cm V/W radio, NSN.

d. iTZ 1503 fiber optic modc- trancnitter.

e. 'T" £608 fiber optic mo, em feceiver.

f. 10- ar.i 100-metef fiber optic cable.

2. Procedure. UF-3780A set up f- code output PRBS N=15. HP-3780A

receiver set up for code input (see fig -6).

B. 10- and 100-Mietar Coax Systea.

1. Equipment Usedr.

a. RP-3780A pAttern generator/error detector, SN 1739N00477.

b. AN/FRC-162 radio, SN 31A.

c. TerriCom M!W radio, NSN.

Ad. 10- and 100-meter coaA cable.

2. Procedure. HP-3780A set for code output PRBS N=15. HP-3780A

receiver set for code input ?RBS. Bit raL- ws 12.928 Mbs (see fig. 27).
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C. Test Data.

TABLE XXI. BIT ERROR COUNT (12.6 MBS LINK) (16/32 KBS CDP TEST)

Input Number of Number of Errors
Data Rate Hours Test Fiber Optic Cable Metallic Cable

(kbs) Was Run 10-meter 100-meter 10-meter 100-meter

16 100 0 0 0 0
32 50 0 0 0 0

3.5 CONNECT/DISCONNECT

A. Equipment Used.

1. Fiber Optic System.

a. Fiber optic modems (4 Pa).

b. Fiber optic cable (10-meter length).

c. BAi 7/TTL iLnterface converter (2 ea, SN 002604 and 002605).

d. TSEC/CY-104 multiplexer (HY-12A, SN 139 and HN-74, SN 500).

e. A-/CC-97 multiplexer (SN 01JOC3).

f. :,..lsyission impairment T"-s,,rement -et (HP-4940A TIMS,
SN 01A00688).

g. A!;/FTC-162 M/W radio, Si 31A.

h. TerriCom M/W radio, NSN.

2. Metallic Cable System.

a. Coax cable RG-59 (10-mcter length).

b. TSEC/CY-104 multiplexer (HY-12A, SN 139 and HN-74, SN 500).

c. AN/FCC-97 multiplexer (SN 01JL033).

d. Transmission impairment measuring set (HP 4940A TIMS,
SN O1A00688).

e. AN/FRC-162 M/W radio, SN 31A.

f. TerriCom M/W radio, NSN.
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B. Procedure.

1. Fiber Optic System.

a. Test set up using figure 20.

o. The fiber optic cable between the two optical modems carryi.ng
data was disconnected and reconnected 100 times. Idle channel noise was
measured "-very 1C times.

2. Metallic Cable System.

a. Test set up using figure 21.

b. The coax cable between the TSEC/CY-10, and the AN/FCC-97 was

disconnected and reconnected 100 times. Idle channel noise was measured every

10 times.

C. Test Data.

TA.3LE XXII. CONNECT/DISCONNECT TEST (12.6 MBS ANALOG)
(TCN IN DBRNC OF CHANNEL 2)

Number of Idle Channel Noise (dBrnc)
Connects/Disconnects Fiber Optic Metallic

0 23 23

10 23 23
20 23
30 23" 23

40 13 23
50 2.3 23
60 23 23
70 2" 23
80 23 23
90 23 23

i 00 23 23

3.6 CYCLIC FLEXING

A. Equipment Used on Fiber Optic System.

1. Optical modem.

2. Fiber optic cable (10-meter length).

3. Frequency synthesizer (SYNTEST SI-102, SN 10-2039).

4. Optical power meter (United Deteccor Technology, Mdl 40X,
SN 46088).
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B. Procedure,

1. Test set up using figure 17.

2. The frequency synthesizer was set at I MHz, 1-volt peak-to-peak
square wave. The output was inserted into the optical modem. Optical power
output was measared with the optical power meter. The cable was flexed over a
mandrel 2.5 '.Jmes the diameter of the cable. Power readings at the end of the
cable were measured PvPry 100 cycles.

3. TPst set up using figure 28 for metallic cable.
I

4. TeiL meters of coax were subjected to flexing measurements as per
B. 2 above

C. Test Data.

TABLE XXII. CYCLIC FLEX TEST (12.6 MBS) FOR F/IBER OPTIC CABLE

Optical Optical
Najrber uf Power Numbei of Power
Cyleq (uW) Cycles (uW)

0 10 600 10
100 10 700 10
200 10 800 10
300 10 900 10
400 10 1000 10
0O 10

TABLE XXIV. CYCLTC FLEX TEST FOR CGJX CABLE

Voltage Measured
N-imber of Flex Cycles kvoltg pek-to-peak)

0 1
10 1
20 1
30 1
40 1
50 1
60 1
70 1
80 1
90 1
100 1
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1. FREQUENCY RESPONSE - 4 kHz FIBER OPTIC SYSTEM

a. Equipment Used

(1) HP Oscillator 204C, SN 808-01789

(2) Rycom Selective Voltmeter 6610, SN 121

(3) Junction Box J-1077A (2 each)

(4) Harris 4 kHz Modem, SN 001, 002

(5) Fiber Optic Cable (300 meters)

b. Data Acq,isition Procedure

(1) The test equipment was connected as shown in figure 5. Tle
oscillator (OSC) input was set for -10 dBm (power) aL a frequency of 200 Hz;
it was routed through channel 9 of the "XMIlT" modem (SN 0C1), the fiber optic

cable, channel 9 of the "RCVR" modem (SN 002), Lo the voltmeter. The voltme-
ter was set for a 500-ohm terminating imnp4anc- ard tuned to measure the out-
put of the "RCVR" modem at 200 Hz. A reading froL ie voltmeter was recorded.

(2) The OSC and voltmeter were adjusted aL 10C ,1z steps from 200 Hz
to 4 kHz. Output readings were recorded at each frequency setting.

(j) Tu= modems were interchanZed, with 14 0'02 as the "XMIT' mo.-m
Pnd SN 001 as the "CVR" modem. The procedure -hcwn .n Cubparagraphs B1 and
B2 was repeated.

(4) The procedures shown in subparapiaprs B1-33 were repeated using

channel 11 of each modem.

c. Test Data

(1) The frequency response of channel 9 of the system, with "XMIT"
modem SN 001 and "RCVR" modem SN 002, is shown in a'le I and figurz 1. The
absolute output level at I kHz was -11.7 dBm.

(2) The frequency response of channel 9 of the syste , with "Y'IIT
modem SN 002 and "RCVR" modem SN 001, is shown in table Ii and figure 1. i-n
absolute output level at 1 kHz was -10.5 dBm.

(3) The frecuency response of channel 1i of the system, with "XLIT"
modem SN 001 and "RCVR'" modem SN 002, is shown in table III and figure 2. he

absolute output level at 1 'Hz was -13.5 dBm.

(4) The frequency response of channel 1! of the system, with ".XMIT"
modem SN 002 and "?CVR" modem SN 001, is shown in table IV and figure 2. The
absolute oucpur level at 1 kiz was -10.7 d3m.

(5) During testig, it was goted that the cabl.e for the optical con-
nect4_n -Qe .te woce~zs i4.4 not 3e.' Well. Movenert was cacabje of
chan. .,g output up to 6 d3.
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I
TABLE I. FREQUENCY RESPONSE OF CHANNEL 9 OF 4 kHz FIBER OPTIC SYSTEMWITH " "IT MODE1 SN 001 AND "RCVR" MO SN 002

FREQ LOSS 1F REQ LOSS
(kHz) (dB) (kHz) (dB)

0.2 0.2 2.1 3.3
0.3 0.4 2.2 3.5
0.4 1.0 2.3 3.6
0.5 1.5 2.4 3.8
0.6 1.5 2.5 3.9
0.7 2.0' 2.6 4.0
0.8 2.0 2.7 4.2
0.9 2.3 2.8 4.4
1.0 1.7 2.9 4.5
1.1 1.8 3.0 4.5
1.2 1.9 3.1 4.7
1.3 2.0 3.2 5.0
1.4 2.3 3.3 5.1
1.5 2.5 3.4 5.Z
1.6 3.2 3.5 5.5
1.7 2.4 3.6 5.6
'.8 2.7 3.7 6.0
1.9 3.0 3.8 6.0
2.0 3.0 3.9 6.1

!1 4.0 6.2

TABLE II. FRFQUENY RESPONSE OF CjtANNIhL 9 0 4 kHz FIBER Oi sysTE"
WiX9 " .T" MODEM SN 002 AND "RCVR" MODEM SN 001

FREQ LossR LOSS
(kHz-) j(dB) _____ I dB

0.2 -2.0 j ! 1 2.2
0.3 -:.0 2.2 2.2
0.4 -0.5 '2.3 2.4
0.5 0.0 2.4 2.5
0.6 0.0 I 2.5 2.7
0.7 0.2 2.6 3.0
0.8 0.3 2.7 3.1
0.9 I 0.3 2.8 3.3
1.0 0.5 2.9 3.5
1.1 0.8 3.0 3.6
1.2 1.0 3.1 3.8
1.3 1.0 3.2 4.0
1.4 1.2 3.3 4.1
1.5 1.3 3.4 4.3
1.6 1.5 3.5 4.4
1.7 1.5 3.6 4.6
1.8 i.7 3.7 4.7
1.9 1.8 3.1 4.9
2.0 2.0 3.9 5.0

L .0 5.2

3 -A.i
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TABLE III. FREQUENCY RESPONSE OF CHANNEL 11 OF 4 kHz FIBER OPTIC SYSTEM

USING "XIT" MODE4 SN 001 AND "RCVR" MOD L SN 002

FREQ LOSS FREQ LOSS

(kHz) 7 (dB) (kHz) (dB)

0.2 4.0 i.1 3.8
0.3 4.7 2.2 4.0
0.4 4.9 2.Z 4.1
0.5 4.8 2.4 4.4

0.6 4.5, 2.5 4.4
0.7 4.0 2.C 4.5

0.8 3.7 2.7 4.6
0.9 3.5 2.8 4e7
1.0 3.5 2.9 5.0

1.1 3.5 3.0 5.0

1.2 3.4 3.1 5.2
1.3 3.4 3.2 5.4

1.4 3.4 3.3 5.5
1.5 3.4 3.4 5,6
1.6 3.5 . 5.8
1.7 3.5 3.6 6.0

1.8 3.5 3.7 6.1
1.9 3.6 3.8 6.3

2.0 3.7 3.9 6.5
4.0 6.

TABLE IV. FRETJENCY RESPONSE OF CHANNEL ! OF 4 kHz FIBER OPTIC SYSTrf
USING "X4MIT" MODEM SN 002 AND "?/AR MODEM SN 001

FREQ LOSS I FR( LQSS
(kHz) (dB) I(kliz) (di!)

0.2 -0.1 2.1 1.7

0.3 1.0 2.4 1.8

0.4 0.9 2.3 2.0
0.5 0.8 2.4 2.1
0.6 0.8 2.5 2.4
0.7 0.7 2.6 2.5
0.8 0.7 2.7 2.5
0.9 0.7 2.8 2.6
1.0 0.7 2.9 2.8
1.1 0.7 3.0 3.0

1.2 0.8 3.1 3.1
1.3 0.9 3.2 3.3
1.4 0.9 3.3 3.5
1.5 1.0 3.4 3.5
1.6 1.1 3.5 3.6

1.7 1.2 3.6 3.8

1.8 1.4 3.7 3.8
1.9 1.5 3.8 3.0
2.0 1.6 3.9 3.2

4.0 3.4

5
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2. FREQUENCY RESPONSE.- 20 MHz FIBER OPTIC SYSTEM -

a. Equipment Used
, /

(1) 1IP Frequency Synthesizer 3320B, SN 32A01783

(2) HP Generator/Sweep 8601A, SN 12A04817

(3) HP Selective Voltmeter 312B, SN 34A(0005_."

(4) ANRITSU Selective Voltmeter Kl.55C, SN M18114

(5) ITT Fiber Optic Modem T-608, S14 887, 888

(6) ITT Fiber Optic Modem T-603, SN 881, 884

(7) ITT Fiber Optic Cable (10 meters)

b. Data Acquisition Procedure

(1) The test equipment was ccnnected as shown in figure 6, using
T-603 modem SN 884 and T-608 modem SN 887. The 3320B OSC was set to input 0
dBm into the system at a frequency of 1 kHz. The ?12B voltaeter was set for
75-ohms terminating impedance and I kHz. The output le'el was recorded.

(2) This procedure was repeated for frequencies from 1 to 9 kHz in 1
kHz steps freo 10 to 100 kHz in 10 kHz steps, a-_6 from i to 10 MHz in 1 MHz
steps. C.LpUt levels were recorded.

(3) The test equipment was connected as shown in figure 7, usia; 'he
same modems iterated in subparagraph B. ThE 3123 generator was set to input
"0 dBm into the system at a frequency of 10 MW4.z. nio fL55C was set for 75-ohms
terminating impedance and 10 M-Hz. The output level was recorded.

(4) This procedure was repeated for frequencies from 10 to 9C MHz in
10 Mkz steps. Output levels were recorded.

(5) The procedure shown in subparagraph-. BI-B4 was repeated using
T-603 modem SN 881 and T-608 modem SN 888.

c. Test Data

(1) The frequency response of the system, using T-603 mod= SN 884
and T-608 modem SN 887, is shown in table V and figure 3. The absolica output
level at 1 MHz was 2.9 dBm.

(2) The frequency response of the system, using T-603 modem SN 881
and T-608 modem SN 888, is shown in table VI and figure 4. The absolute
output level at 1 .MHz was 2.9 dBm.

4 1
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TABLE V. FREQUENCY RESPONSE OF 20 MHz ANALOG FIBER OPTIC SYSTEM

USING T-603 MODEM SN 884 AND T-608 MODEM SN 887

FREQ GAIN FREQ GAIN
S(kHz) (dB) (VIlz) (dB)

1 2.9 1 2.i

2 2.9 2 2.9
3 2.9 3 2.9
4 2.9 4 2.8

5 2.9, 5 2.8

6 2.9 6 2.8
7 2.9 7 2.9

8 2.9 8 2.9
9 2.9 9 2.9

10 2.9 I0 2.9
20 2.9 20 2.5

30 2.9 30 i1.0
40 2.9 40 -1.1

50 2.9 so -4.1
60 2.9 CO -6.7

70 2.9 70 -9.0
80 2.9 80 -14.1

90 2.9 90 -23./

100 2.9

TABi.L4 VI. FR ,<TENCY RESPONSE OF 21 MHz AIN OG F-"BE O1IC SYSTEM

USING T-603 MODEM SN 881 AND T-60 "DEM. SN 888

FREQ GAIN FREQ GAIN
(kHz) (dB) :M'-z) .(d1')

1 2.8 i I 2.9
2 2.9 1 2.8
3 2.9 3 2.7
4 2.9 4 2.5
5 2.9 5 2.6
6 2.9 6 2.6
7 2.9 7 2.6
8 2.9 8 2.6
9 2.9 9 2.6

10 2.9 10 2.6
20 2.9 20 2.7
30 2.9 30 1.7
40 2.9 40 -0.8

50 2.9 50 -3.7

60 2.9 60 -7.0
70 2.9 70 -11.7
80 2.9 80 -20.5

90 2.9 90 -29.1
19 1 2.9
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3. BIT ERROR RATE -.54 Mb/s FIBER OPTIC SYSTEM

a. Equipment Used

(1) BAMI TTL Interface Converter, SN 2604, 2605

(2) BOMAR Error Rate Test Set 271B, SN 304

(3) HP Electronic Counter 5245L, SN 648-11495

(4) HP Preset Unit 5264, S!l 616-00584

(5) HP Digital Printer 5103, SN 343

(6) V'iltec Fiber Optic Modem TTIC-DI, SN 1056, 1099, 1153, and 1187

(7) Viltec Fiber Optic Cable (10 and 100 meter lengths)

b. Data Acquisitii:, Pivcedure

(1) The test equipment was connected as shown in figure 8. Te:.
meter lengths of fiber optic cable were used to interconnect the modems.

(2) The error rate test set was set for individual error mode,

automatic synchronization, and continuous count: It then input a data bit
stream into the system at a T-I rate (1.-44 Mbs).

(3) Errors were counted by the electruaic counter and recotded by
thet digital prLntei. ThQ preset unit limited the time interval of each test
run to 5 minutes; thus 453.2 megabits of data were entered into the system ri

each run. This procedure was repeated for three, 5 minute test runs.

(4) Th, 10-meter lengths of fiber optic cable were replaced by

100-meter lergtns. Thcn, the procedure shown in subparagraphs b.(2) - b.(3)
was repeated.

c. Test Data

(1) No bit errors were recorded for any run with either 10- or
100-reter lergths of fiber optic cable.

(2) Since no errors were observed in 463.2 megabits of data, it can

be stated that Lhe point estimate system bit error rate for a T-1 input is
bracketed by the intcrval:

0 < point estimate bit error rate < 2.2 10- 9 errors/bit

12
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4. BIT ERROR RATE - 20 MHz ANALOG FIBER OPTIC SYSTEM

a. Equipment Used

(1) BOMAR Error Rate Test Set 271B, SN 304

(2) 11P Electronic Counter 5245L, SN 648-11495

(3) HP Preset Unit 5264, SN 616-00584

(4) HP Digital Printer, SN 343

(5) AN/FRC-167 M/W Radio, SN 31A

(6) AN/FCC-97 Digital Multiplexer, SN 01J0033

(7) Waveline 20 dB RF Attenuator 506-20, SN 613, 615

(8) Waveline 40 dlB RF Attenuator 506-40, SN 579, NSN

(9) Terracom M/W Radio, NSN

(10) ITT Fiber Opticz Modem T-608, SN 887, 888

(11) ITT Fiber Optic Modem T-603, SN 881, 884

(12) ITT Fiber Opric Cab!=, lu -nd C)D meter lengths

b. Data A-', sition 1rocedure

(1) The test equipment was connected as shown ii figure 9. Ten

meter lengths of fiber cptic cable were used to interconnect the modems.

(2) "ae transmitter of the Terracom M/W radio was connected through
a 20-dB and a 4(0-dB attenuator to the "in-house link" of the receiver of the

AN/FRC-162 M/W radio. -h! transaitter of the AN/FRC-162 was connected through
a 20--dB anc a-40 dB attenuator to the receiver of the Terracom /W radio. An
input of I w .tt f30 d=) from the Terracom radio into M/W radio into this
loop-back arrangement pruc!,cc a nominal receive signal level (RSL) of -30 dBm

at the input to the receiver oi both radios.

(3) The etror rate test set was set for individual error mode, auto-
matic synchr-Pization, and continuous count. It then input a data bit stream

into channel 4 of the A/FCC-97 digital multiplexer at a T-1 rate

(1.544 Mb/s).

(4) Errors were counted by the electronic counter and recorded by
the digital printer. The Preset unit linited the time interval of each test

run to 5 minutes. This procedure v'as repeited for three, 9 minute test runs.

(5) The !1-meter ie!.'hs of cable were t,-!placed by 100-meter
lengths. Then, th procedr.'i. ',c,n u . nr b."2) b.'4) was
repeated.

1.
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c. Test Data

(1) No bit errors were recorded for any run with either 10-meter
or 100-meter lengths of fiber optic cable.

(2) Siace no errors were observed in 463.2 megabits of data, it can
be stated that: the point estimate system bit error rate for a T-1 input is
bracketed by the interval:

0 < point estimate bit error rate < 2.2 10- 9 errors/bit

5. BIT ERROR RAfF - COAXIAL CABLE ,SYSTEM WITH T-1 INPUT DATA RATE

a. Equipment Used

(1) Bomar Error Rate Test Set '171B, SN 304

(2) hP Electronic Counter 524L, SN 648-11495

(3) HP Preset Unit 5264A, SN 616-00584

(4) *!- Dicgtal Printer, SN 343

(5) AN/rRC--162 '/W Radio, SN 31A

(6) AN/FCC-97 Digital Multiplexer, SN 01J0033

(7) Wavel .,L 20-dB RF Attenuator 506-20, SN 613, 615

(8) W;'dclinE 40-dB RF AttenuatcA 51",-40, SN 579, NSN

(9) C.ax!.al Cable RG-59; 10-meter and 100-meter lenghts.

(10) Terracom M/' Radio, NSN

b. Data AcquJsition Procedure

(1) The tea:" equipment was connected as shown in figure 10. Ten
meter lengths of coaxial cable were ased to intercoLect the AN/FCC-97
multiplexer and the Terrarum M/W radio.

(2) The procedures shown in paragraphs 4.b.(2) - 4.b.(5) were used.

c. Test Data

(1) When 10-meter lengths of coaxiztl cable were used, no bit errors
were recorded on any test run. Since no errors were observed in 463.2 megabits
of data, it can be stated that the point estim-te system bit error rate for a T-
input is bracketed by the interval:

0 < point estimate bit error rate < 1.2 10- 9 errnrs/bit

(2) When 100-meter lengths of coaxi.1 cable were used, bit errors
were record4ed during eacn f the three runs as follows: Run 4i, 2S15 error-
runm 02, 2719 errors; '.rid ran 43 27-71 errors. 7he respective point estinate
bit error rates were 6.08 x 0-,, 5.39 x 10- 5 , and 5.98 x 10-3 errors/bit.

16
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(3) According to Technical Manual VICOM PSB-6020, section 3,

page 1, paragraph 5, no more than 150 feet (45.72 meters) of coaxial cable
should be used in this system configuration.

6. IDLE CHANNEL NOISE (ICN) - 4 kHz VOICE LINK WITH 26-PAIR METALLIC CABLE

a. Equipment Used

(1) As shown in reference la, inclosure 1, paragraph 1.1.A.2.

(2) NEC Noise Measuring Test Set 37BAQ, SN 8024.

b. Data Acquisition Procedure

(1) As shown in reference la, enclosure 1, paragraph 1.1.B.2.

(2) The HP-4940A TIMS was then replactd by the NEC 37BAQ. The
procedure in subparagraph b.(1) was repeated.

c. Test Data

(1) The HP-4940A TIMS recorded an ICN leve l of 0 dBrnc for each pair
of the 26-pair cable. Although the measurement range of the HP-4940 TDIS is
from 0 to 90 dBrnc, the equipment publication state. that readings below 10
dBrnc may exceed the sensitivity of the instrument and, therefore, should be
interpreted .s "less than 10 dBrnc".

(2) The IEC 37BAQ recorded an ICN l2vel of -5 OBrnc for every pair,
thus, the ICN for each pair of the 26-pair metallic is less than or eqtal LQ
-SdBrnc.

7. CROSSTALK - 4 kHz VOICE LINK WITH 26-PAIR HETALLIC CABLE

a. Equipment Used

(1) As shown in reference la, inclosure 1, paragraph 1.2 A.2.

(2) NEC Noise Measuring Test Set 37 BAQ, SN 8024.

b. Data Acquisition Procedure

(1) As shown in reference la, inclosure 1, paragraph 1.2.B.2.

(2) The HP-4940A TIMS was then replaced by the NEC 37BAQ. The
procedure in subparagraph B1 was repeated.

c. Test Data

(1) The HP-4940A TD!S recorded a crosstalk level of 0 dBrnc for each
pair of the 26-pair cable, with the exception of pair :15. As stated '-n
paragraph 6C1, these readings should be interpreted to mean an ICN level lest;
than 10 dBrnc.

18
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(2) ICN levels for pair #15 were recorded as 0 dBrnc when a -10 dBm
tone at 1004 Hlz was injected on pair #1 or #2, 5 to 6 dBrnc when tone was
injected on pairs #3 through 47, and 10 to 13 dBrnc when tone was injected on
pairs #8 through #14 or #15 through #26. This cable pair was considered to be
defective.

(3) The NEC 37BAQ recorded a crosstalk level of -5 dBrnc for e.erv
pair except pair #15, which was known to be defective.

8. INSTALLATION/RECOVERY TIMES

a. Installation and recovery times for the 1.544 Mb/s fiber optic s,stem
and its metallic (coaxial) counterpart are shown in reference la, inclosurc 1,
paragraph 2.7. Timez for the fiber optic syster were nornally greater; this
time differential was the result of the additional time necessary to ccnnect
(or disconnec ) input/output devices to the fiber optic modems and ini-:ialize

(or deintialize) the modems.

b. Mure detailed data could be obtained in a study conducted by human
factors engineers. Howver. the additional precision to be gained from a de-

tiled survey of this nature was not considered to be cost effective Csep re-
ference lb, paragraph 2i).

9. CONDITION DIPHASE PATTERN TEST EQUIPMENT SETTINGS

I a. During thle initial test of the bit crror rate of the 1.544 M.b/s fiber

optic link, a condition diphase patterr (CD? generator and error correlator
were used to .inject data bits into L . ink ;-t 16 or 32 kbs and record re-
sulting bit errors. Thc. test procedure shown in reference la, paragraph

1.4.B, shou!. have included the switch settings for this equipment, which
werei: Data 7ate - 16 or 32 kbs, operational mode - errors, and clock-
internal.

b. Note :hat additional testing of the bit error rate of this link was

conducted foa a T-1 ("..544 Mb/s) data rate. See paragraph 3 of this repo t.

10. IDL C'IANNEL NOISE (ICN) - COA/,IAL CABLE WITH T-1 INPUT DATA RATE

a. Results of initial zesting for ICN induced by the presence of 10
meters of coaxial cable in a T-1 system are shown in reference la, table V.

an channel #7, the cable induced 4 dB additional ICN into the system. The mag-

niLude of this figire %as questioned in reference Ib, paragraph 2f.

b. Additional testing was conducted in accordance with reference la,

paragraph 2.1.B." Channel cards from the TSEC/CY-104 were interchanged and
test equipment seLings verified. The cable continued to induce 4 dB of ad--

ditional ICN into the system.

19
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11. CYCLIC FLEX 1.544 MBs AND 20 MHz FIBER OPTIC SYSTEMS

a. Fiber optic cables used in the 1.544 MBs and 20 MHz fiber optic
systems were repeatedly flexed to determine whether possible cable degradation
would result in a decrease in the system's. optical power output. Results are
shown in reference la, tables XII and XXIII. Optical power output is showr. in
microwatts (uW).

b. The optical power meter used in this test (see reference la,
paragraph 2.6.A.4) had not been calibrated. It was compared to a calibrated
AG&G, Electro-Optic Division Radiometer/Photometer, Model 550-1, SN 3274.
When the optical power meter read 17 microwatts, the calibrated radiometer!
photometer read 14 microwatts (using the test procedure shown in reference
1.a, paragraph 2.6.1B
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